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Chapter 1
I N T R O D U C T I O N

The Prichard Formation of western Montana, northern Idaho, and
British Columbia (where it is called the Aldridge) has long been an
enigma to people interested in the stratigraphy and sedimentation of
the Belt Supergroup.

Often described as a relatively "monotonous",

very thick sequence of mainly dark, rusty argillites or grayish
quartzites, the Prichard has been bypassed by many stratigraphers because
of 1) an absence of biostratigraphic control and 2) apparent lack of
distinctive beds for lithostratigraphic control.

This study demonstrates

the existence of a key interval in the Prichard and Aldridge Formations
traceable over incredible geographic distances enabling correlation of
part of the Prichard-Aldridge Formation over a large area.

Additionally,

the sedimentary environment of the key interval and associated lithologies
is interpreted to represent subaqueous deposition below wave base.

LOCATION AND GEOLOGIC SETTING
Reconnaissance and collection of field data were completed during
the summers of 1970 and 1971, over a mountainous terrain of about 3,000
square miles in parts of Montana, Idaho and British Columbia.

Outcrops

of the Prichard and Aldridge Formations in the thesis area are shown on
the index maps (figs. 1 and 2).

Prichard-Aldridge outcrop areas are

surrounded by other Precambrian Belt formations and by igneous intrusions of
Cretaceous age.

Structurally, Prichard-Aldridge rocks are caught up in

broad, northwest-trending folds.

Major faults on the United States side

BÇj
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Fig. 1. Index map showing
outcrop extent of the Prichard
and Aldridge Formations in the
study area.

Fig. 2. Index map showing
attitude of Prichard-Aldridge
Formation and approximate locations
of control points of the key
interval. See Appendix I for
explanation of abbreviations.

include the Hope and Leonla Faults.

The Hope fault has been interpreted

by Harrison and Jobin [1963) as a right-lateral strike-slip fault with an
estimated displacement of 16 miles.

The Leonia Fault has been interpreted

by Gibson (1948) as a high angle reverse fault with an estimated vertical
movement of about 26,000 feet.

On the Canadian side, major structures

are the Moyie, St. Mary and Hall Lake Faults; however, the magnitudes of
their net shifts are not known.

The Moyie and Hall Lake Faults were

described by Leech (1959) as steep, westward-dipping thrusts; the west
block of the Hall Lake Fault having moved relatively upward and northward.
Leech (1959) interpreted displacement along the St. Mary Fault as normal
and strike-slip.

Although the faults have displaced the sections somewhat,

they are not a major complication at the broad scale of this study.

PREVIOUS WORK
Generalized sections and estimated thicknesses of the Prichard
Formation in the United States have been described by Wallace and Hosterman
(1965),

Hobbs (et al., 1965), Harrison and Jobin (1963) and Johns (1970).

Leech (1958) described the Aldridge Formation in British Columbia, Canada.
However, no broad, regional correlation of specific intervals of the
Prichard-Aldridge Formation over a broad area has previously been published

METHODS OF STUDY
The objective of this study was to trace the key interval within
the Prichard-Aldridge Formation by measuring and describing fourteen
stratigraphie sections (Appendix I) from which two cross-sections are
constructed (plate 1).

A detailed description was made of sedimentary

structures and bedding features.

Samples collected from the key and

other intervals were studied in detail in thin section.

The key

interval was also analyzed by wet chemical, x-ray diffraction,
microprobe and quantitative gasometric techniques

(Appendix II).

Chapter 2
S T R A T I G R A P H I C
OF

KEY

O C C U R R E N C E

I N T E R V A L

The key interval, hereafter called the banded member of unit A
(plate 1), forms about a 13-foot unit within the lower part of a
distinctive, much thicker, rusty siltite^ interval, here called unit A,
Thickness of unit A ranges from about 150 feet in the southern, eastern
and western areas to about 550 feet along a north-south line running
through the central part of the area (section CL, RR, and TC).
Harrison and Jobin (1963), in mapping the Prichard Formation
in the Clark Fork, Idaho area, described a "lower member" of the Prichard
consisting of interlayered quartzites, siltites and argillites, dominated
by an argillitic quartzite commonly containing ellipsoidal concretions.
Unit A siltite occurs within the lower member on the northern edge of
the Clark Fork mapping area, from about 2,000 to 2,300 feet on Harrison
and Jobin's plate 2.
the same plate.

The banded member occurs at about 2,200 feet 6n

Unit A also occurs as a dark recessive siltite throughout

the thesis area within a dominantly quartzite sequence that is also the
lateral extension of the lower member at Clark Fork.

Stratigraphically,

unit A occurs as the uppermost major rusty siltite zone, about 2,500
feet below the topmost quartzite bed of the quartzite-siltite-argillite
sequence (fig. 3).

^"Siltite" refers to a slightly metamorphosed siltstone (Harrison
and Jobin, 1963).

Precambrian
RavalliCreston

Burke

Cross-bedded and rippled argillite with
minor quartzite and siltite.
(1-3,000 feet)

Quartzite-siltite-argillite
(about 2,500 feet)

Precambrian
PrichardAldridge
Unit A
Argillitic siltite
(150-550 feet)
Banded siltite member
(11-17 feetO_________

Quartzite-siltite-argillite

Fig. 3. Generalized section showing approximate
stratigraphie occurrence of unit A banded siltite member
in Prichard-Aldridge Formation.
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Above the quartzite-siltite-argillite sequence throughout the
area is a thick sequence of thin-bedded grayish argillite, containing
abundant small-scale cross-beds and ripples, that is, in turn, transitional
upward to greenish-gray siltite and red and green argillite of the Ravalli
group or Creston Formation of British Columbia (fig. 3).
The banded member of unit A is truly remarkable.

It contains a

sequence of light and dark gray bands 1 mm to 2 cm thick which can be
matched, band-for-band, from one outcrop to another throughout the entire
thesis area.

Individual bands are strikingly uniform, and even the

paper-thin bands maintain the same thickness in a single outcrop,
foot "type"
scale.

A 13-

section of the banded member was cored and photographed to

The photos of a unique six-inch sequence of bands within the

banded member were then matched to the outcrop from one location to another.
Over a distance of several miles the bands match perfectly. Fig. 4
demonstrates how closely the bands match from sites separated by 12 miles.
Over tens of miles, each individual light and dark band varies in thick
ness proportionally to adjacent bands so that the same sequence of bands
remains equally expanded or decreased.

The sequence of bands regularly

thins from the Clark Fork, Idaho area northward.for a distance of about
85 miles to the Cranbrook, British Columbia area (fig. 5).

Correspondingly,

the banded member thins from about 17 feet at Clark Fork to about 13 feet
at Bonners Ferry, to about 11 feet near Cranbrook.
variation is discussed on page 38.

The reason for this

The geographical range over which

the banded member was traced is approximately 100 miles north-south and
approximately 30 miles east-west, an area of about 3,000 square miles.
Remarkably, each lamina down to 1 mm thick can be traced over the entire
area.

Fig. 4. Correlation of banded member over 12 miles.
CL and ML are from Cooper Lake and Moyie Lake sections,
British Columbia (Appendix I),

Fig. 5. Correlation of banded member, 85 miles separation
between locations EF and JS. EF and RR are from East Fork Creek
and Ruby Ridge sections, Idaho; JS is from Jim Smith Park section,
British Columbia (Appendix I).

Chapter 3
S T R A T I G R A P H Y

For convenience of description, the Prichard and Aldridge
Formations in this study have been divided into four informal units,
each of which will be discussed separately.

UNIT A SILTITE
Description
Unit A is the thick uniform sequence of dark gray, carbonaceous,
argillitic siltite that contains the banded member.

Outcrops are

extremely evenly-stratified; beds average from 1/2 inch laminae to 6
inches thick (fig. 6a, b ) . The siltite beds are very dense; thicker
beds give off a metallic "ring" when struck with a hammer.

Pyrrhotite

is commonly abundant as streaks or films oriented parallel to the bedding.
Weathering of the pyrrhotite gives the unit a distinctive reddish-brown
outcrop.

The dark gray color of a fresh handspecimen is caused mainly

by an abundance of carbon, which is, however, too fine to be seen
megascopically. Argillite content is expressed by occasional flakes
of metamorphic biotite visible under hand lens.
The lower part of unit A is dominantly siliceous, so that out
crops are extremely hard when struck by a hammer.

Near the middle of

unit A, the siltites begin to interbed upward with minor amounts of dark
gray, very thin and evenly-laminated argillite.

At the top of the unit,

argillite becomes dominant over siltite.
Near the base of unit A, the banded member is, like the beds
above and below, dense, pyrrhotite-rich, carbonaceous, argillitic siltite
9

10

Fig. 6a. Outcrop of unit A siltite showing even
stratification; Rattle Creek section (RC-24).

Fig. 6b. Slabs of unit A siltite, showing even bedding
planes and rusty weathering; Benning Lookout section (BL-4).
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Fig. 7a. Weathered exposure of unit A banded member in
which bands are faint; Benning Lookout section (BL-5).

f .

Fig. 7b. Fresh exposure of unit A banded member, showing
dark and light bands; Cooper Lake section (CL-4).
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Because of a marked resistance to weathering, the member usually crops
out beautifully as rusty-weathered, 6 inch to 1 foot beds which are
strikingly smooth, even, and continuous (fig. 7a, b ) .

Detailed Mineralogy
Mineralogy of the peculiar, extensive banded member of unit A
was studied in detail.

For consistency, thin sections were cut through

the same dark band within the banded member from 20 of the 26 control
sites.

Mineralogy and grain size remain consistent for 100 miles north-

south and 30 miles east-west.

Minerals characteristic of the banded

member include quartz (70-80%), biotite (about 7%), muscovite (about 5%),
pyrrhotite (less than 2%), amorphous carbon (3%) and monazite (about 1%)
(fig. 29, Appendix II),

Texturally, (fig. 8) the rock is a well-sorted

quartz silt, individual grains about .03 mm in diameter.

Metamorphism

has sutured the boundaries of some quartz grains, but most appear to
have retained their original size.

Muscovite (about .03 mm) and biotite

(about .15 mm) are disseminated throughout the quartz matrix, giving the
rock a weak to moderate schistosity mostly parallel or sub-parallel to
the bedding.

The mica represents altered clay and is due to metamorphism

in the biotite zone of the greenschist facies; thus, the dark banded
member was originally well-sorted, clayey quartz silt.
The dark band through which the sections were cut contains
noticeable (3%), minute (less than one micron), opaque carbon particles
(fig. 9) aligned in streaks within the matrix (see methods of analysis.
Appendix II).

The carbon is amorphous (Appendix II), as would be expected

in a low-grade metamorphic rock (Landis, 1971),

Clusters of tiny monazite

crystals are concentrated within the dark gray carbon-rich bands and are

13

Fig. 8. Well-sorted quartz silt of unit A banded member,
X40. Some grains show sutured boundaries, but most grains have
maintained original size; thin section PC-2.

f Light
band

Dark
band

Fig, 9. Banded member; adjacent dark and light gray bands.
Note concentrations of monazite clusters (a) and carbon streaks
in dark gray band. Large opaque grains on upper left are
pyrrhotite, XIO; thin section JS-3.
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Fig. 10. Carbon particles in dark gray band of
banded member, X160; thin section ML-3.

Fig. 11. Monazite cluster in dark gray band of banded
member showing individual crystals, XlOO; thin section PC-2
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Fig. 12. Unit A siltite, showing same mineralogy as the
dark bands of the banded member; (a) quartz, (b) biotite,
(c) carbon, (d) pyrrhotite, (e) monazite, XIO; thin section
JS-4 .
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absent in the light gray bands (fig. 9).

Optical properties (Appendix II)

of the monazite indicate that it is metamorphic.

Metamorphic behavior

of monazite has been discussed by Overstreet (1967), who reports occurrences
in greenschist facies rocks from Africa and South America.

Adjacent

light gray bands contain no carbon or monazite, but are otherwise identical
to the dark bands.
Pyrrhotite (1 mm) occurs in both light and dark gray bands as
opaque anhedral aggregates, elongate parallel to the bedding.
The apparent similarity of the bulk of unit A to its banded
member is confirmed in thin section (fig. 12).

Dark gray non-banded

siltite characteristic of most of unit A is nearly identical to the
dark gray bands of the banded member.

The non-banded dark gray siltite

contains well-sorted quartz (about 75%) silt, muscovite (5-10%), biotite
(5-10%), pyrrhotite (2%) and streaks of amorphous carbon (about 3%)
oriented parallel to the bedding, with associated monazite clusters
(about 1%).

As in the banded member the biotite is slightly to moderately

schistose parallel or sub-parallel to the bedding.
Unit A and the dark bands of its banded member are, therefore,
identical in lithology and bedding features and must have originated
under very similar conditions.

The light bands differ only in the absence

of carbon and monazite.
Sedimentary and Hydrochemical Conditions
Unit A siltite and argillite appears to have been deposited under
calm, settling conditions below effective wave base as evidenced by its
fine-grained texture, strikingly smooth and even bedding planes and laminae.
Ripples, cross-beds, and other sedimentary features indicative of wave action
are absent.

17
The dark bands of the banded member reflect repeated carbon
enrichment of a clayey siltstone by conditions which occurred simul
taneously over an extensive sedimentary environment.

The major question

is whether the carbon bands were produced organically or inorganically.
A possible abiotic mechanism might be the irradiation of a highly
reducing atmosphere containing methane-ammonia.
frequently proposed as originating life on earth.

This process has been
Organic compounds

would be produced by this mechanism and become adsorbed by sedimentary
clays and preserved in ancient rocks as carbon.

However, such an

hypothesis has recently been seriously challenged by Abelson (1966),
who sees very little evidence for an original methane-ammonia atmosphere.
Also, estimated atmospheric conditions during the deposition of the Belt,
750-1200 million years ago (Ross, 1963), are at least fairly oxidizing.
Cloud (1968) suggests that evolution of the earth’s atmosphere had
become quite advanced by the late Proterozoic (600-2000

million ago).

He estimates that together with an increasing appearance of red beds,
oxygen and ozone were increasing and carbon dioxide decreasing.
An organic origin for the carbon bands would require life forms
capable of wide geographic distribution.

Fossilized algal stromatolites

in shallow water Belt rocks indicate that photosynthetic organisms
were forming organic compounds from CO^ and water during Belt sedimentation.
Evenly-distributed organic plant debris deposited below wave base would
require floating plants such as unicellular plankton that are today
contributing substantial organic matter to laminated pelagic deposits.
Such organisms are capable of population increases by geometric progression
enabling a rapid response to favorable growing conditions and resulting in

18
surface "blooms” over extensive areas.

Given that photosynthesis was

occurring in the Proterozoic and that eucaryotic organisms had evolved
by that time (Cloud, 1968), I propose that planktonic, eucaryotic algae
lived over an extensive sedimentary environment during the deposition of
unit A.

Dead organic matter would then have quietly settled with

clayey silt to the sediment interface.

Such a broadly controlled

organic mechanism, with very stable sedimentary conditions, could explain
the sporadic, widespread occurrence of the carbon bands as well as the
carbon content of the rest of unit A.
The association of metamorphic monazite, a rare earth phosphate,
with carbon (p. 12) supports the organic origin of the carbon.
utilize phosphorus as a nutrient in their life processes.

Organisms

Upon death

of planktonic organisms, portions of the phosphorus could be carried to
the sea bottom and deposited with organic matter (Degens, 1965).

Rare

earth elements dissolved in water during sedimentation might be concentrated
in sediments by organic phosphate; in addition, dissolved rare earths
could be extracted by the adsorptive properties of dead organisms
(Fomina, 1970).

Overstreet (1967) argues that the main sources for

metamorphic monazite are thorium, rare earths and phosphorus held by other
detrital components of the original sediments.

Metamorphic monazite begins

to form at a few centers of crystallization and these centers multiply
with increasing grade of metamorphism.

The monazite constituents could

therefore have been concentrated by organic matter and with consequent
metamorphism, crystallized the monazite in the carbon-rich layers.

The

concentration of monazite only in carbon-rich layers of unit A siltites
therefore supports an organic origin for the carbon.
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The mode of occurrence of pyrrhotite indicates that it is a
primary mineral.

It occurs uniformly in unit A, as small aggregates

elongate parallel to the bedding.

Locally it is replaced by epidote,

suggesting its presence prior to metamorphism.

But most importantly, it

is widely coincident with carbon-rich units.
Primary origin for a metal sulfide such as pyrrhotite would require
very reducing conditions which today are mostly environments with abundant
organic material (Krauskopf, 1967).
Precipitation of iron sulfide occurs in deep waters of the Black
Sea (Spencer, et al., 1972) which are poisoned with H^S from decaying
organic matter and sulfate-reducing bacteria.

Iron sulfide is also being

generated in the highly-reducing, carbon-rich muds on the Black Sea floor
(Butuzova, 1969).
Figure 13 shows stability relations of sulfides in a system
containing divalent sulfur in quantities which could be generated by
organisms (Garrels and Christ, 1965).

The sulfate-reducing bacteria,

Desulfovibrio, is known to generate Eh potentials as low as -500 millivolts,
pH range 4.2 - 10 (Degens, 1965).

The field of stability for pyrrhotite

as shown in figure 13 is contained within Eh and pH limits of Desulfovibrio.
Therefore, pyrrhotite can precipitate under very reducing sedimentary
conditions in the presence of decaying organic matter, and probably did
so in unit A.
In summary, deposition of unit A occurred under very calm conditions
below effective wave base.

Abundant organic matter from unicellular plant

life near the surface settled almost continuously to the bottom, creating
extremely reducing water conditions under which iron sulfide (pyrrhotite)
was precipitated.

20
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s u lf id e s in water a t 25° C and I atmosphere t o t a l
pressure, when E S - 10"°. Garrels and Christ (1965).
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UNIT C QUARTZITE
Description and Mineralogy
Situated stratigraphically below unit A is unit C, a sequence
of thick quartzite and thin argillite interbeds.

Its uppermost part

probably grades laterally to unit B in sections RC and BL.
Unit C quartzite is dominantly poorly-sorted, medium to fine-grained,
argillitic and dark to light gray; beds generally average about 5 feet
thick but locally reach 10 feet.

The uppermost 50 feet of quartzite beds

commonly thin progressively upward (fig. 14).

Individual beds apparently

pinch out laterally, because specific beds cannot be traced from one
outcrop to another.
Probably because they are mainly homogeneous, quartzite beds
usually appear

structureless, however,

cross-beds and

climbing ripple laminae associated with flow rolls and

convolute laminae (figs. IS and 16).

there are locally small-scale

Graded bedding is sometimes detec

table by sand-rich hard strata passing upward to softer mica-rich strata
as indicated by hammer scratch.

Where exposed, undersurfaces of quartzite

beds commonly contain flute casts and groove casts (figs. 17 and 18).
In thin section, quartzites contain extremely high percentages of
quartz (about 80%) with lesser amounts of muscovite, biotite and plagioclase.
The quartz grains are mostly poorly-sorted, angular to sub-rounded, very
fine to medium sand (.03 mm to .5 mm).

Metamorphic biotite, muscovite

and quartz silt fill in between larger quartz grains, giving a "floating
grain" texture

(fig. 19).

to "graywacke"

in that there was little winnowing or sorting during

sedimentation.

The original

sediments were, therefore, similar

22

Fig. 14. Unit C quartzite with interbedded argillite
Quartzite beds thin progressively upward; Parrel Creek
section (FC-2).
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Fig. 15. Plane horizontal beds (upper flow regime) passing
up to cross-laminations (lower flow regime); Rattle Ridge section
(LC-1).

Fig. 16. Unit C; climbing ripple laminae (a) and convolute
laminae (b) associated with even-bedded argillite (c) and
structureless quartzite (d) below; Rattle Creek section (RC-22).
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Fig. 17. Unit C; flute casts on quartzite bedding undersurfaces
Direction of flow from bottom to top of photo, from N27 E; Pete
Creek section (PC-0).

Fig. 18. Unit C; groove casts (a) and flute casts (b)^
direction of flow from lower left to upper right, from N26 E;
Pete Creek section (PC-0).
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Fig. 19. Poorly-sorted, floating grain texture of
unit C quartzite, XIO; thin section LC-lb.

Fig. 20. Unit C argillite, showing a high content
of sericite, X40; thin section FC-lm.
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Interbedded with the quartzites are thinner, even beds of gray
argillite, which commonly contain silt-rich layers.

They are commonly

scoured along their top surfaces where immediately overlain by quartzites
containing flute casts.

Some argillite beds overlain by massive quartzite

beds are deformed, probably by soft sediment slumping.
Argillite is much richer in sericite (about 60%) than quartzite,
poorer in quartz (about 35%), and contains biotite porphyroblasts (about 5%)
fig. 20).

Sedimentary Processes
Figure 21 compares sedimentary structures in lithologies of unit C
to sedimentary structures common in other Belt quartzites and argillites
from which a comparison of sedimentary processes can be made.

Red and

green argillites of the Belt Supergroup were deposited above effective
wave base, and were frequently exposed and desiccated.
are fluvial (Winston, personal communication, 1972).

Many quartzites
Sedimentary

features of unit C argillites reflect settling processes below wave base.
Quartzites contain sedimentary structures indicating rapid deposition of
poorly-sorted material during turbulent flow.

Notably lacking in unit C

lithology are sorted and cross-bedded quartzites common to other Belt
rock types deposited above effective wave base or by rivers.
the recurring interbeds

of quartzite and

Therefore,

argillite of unit C reflect

sudden, brief deposition below effective wave base of ’’turbidite” sands,
alternating with longer

intervals ofclay deposition, as described by

Bouma (1962) and Kuenen

(1964).
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SEDIMENTARY PROCESSES, UNIT C

Figure 21.

A comparison of sedimentary structures in unit C

lithologies, with common sedimentary structures in other Belt Rocks.

UNIT C ARGILLITES

Very even, smooth bedding planes,
locally laminated with silt.

RED AND GREEN ARGILLITES (Particularly
of the Ravalli and Missoula Groups)
Irregular somewhat wavy laminae
which tend to be internally
graded from silt to clay.
Scour and fill structures
Mudcracks and ripple marks
Small scale cross-beds

UNIT C QUARTZITES

Abundant flute casts and groove
casts on bedding undersurfaces.

QUARTZITES (Particularly of the
Ravalli and Missoula Groups)
Two kinds can be distinguished:
1)

Well-sorted, fine sandstone with
plane horizontal beds commonly
passing up to ripple cross
laminations .

2)

Coarse, well-sorted, well
rounded sandstone with medium
to large scale cross-beds.

Apparently structureless rock
faces common.
Graded bedding sometimes detectable
Sporadic small-scale convolute
laminations associated with
current-ripple laminations.
Argillitic
Poorly-sorted, angular "floating
grain" texture.

Personal communication, Don Winston, University of Montana.
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Sand Transport Directions
Where possible, directional orientations of sedimentary structures
in the quartzites were recorded within the uppermost fifty feet of
quartzite beds in unit C.
ripple cross-beds.

Measurements were taken on flute casts and

Many bedding undersurfaces were obscured, soil covered,

and weathered resulting in a rather sparse collection of data (fig. 22)
from which, however, some conclusions can be made.
Data from a broad area north of Clark Fork, Idaho, consistently
indicates a northeasterly transfer (downslope) direction in that area.
Further to the northeast, near Pete Creek (Section PC), Montana, numerous
large scale flute casts within the fifty-foot interval showed a consistent
southwesterly transport direction.
Samples from scattered locales within the same fifty-foot interval
are coarsest in the Clark Fork area (fig.

23a) and become finer toward

sections RR and CL (fig. 23b) in the middle of

the study area, where unit

A reaches its thickest proportions (plate 1).
Thus, available data from the uppermost fifty feet of unit C
quartzite indicates a trend of decreasing grain size towards the middle
of the thesis area away from a strong southwesterly sand influx.
data also suggests that this interval, at
some sand from the northeast.

Pete Creek, was

Some

receiving
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Cenede
United St«t«j

MU

NC,

Average direction of cross-beds
and flute casts and number of observations.
2

Figure 22, Direction of cross-bedding and flute casts from
uppermost 50 feet of quartzites in Unit C,
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(a)

0
:

(b)

Fig. 23. Representative medium to fine-grained quartzite from
Clark Fork area (a), compared to characteristically fine to very
fine-grained quartzite from middle of study area (b). Thin section
RC 21-u (a), CL-Om (b). Both photomicrographs XIO.

UNIT D QUARTZITE

Situated stratigraphically above unit A is another recurring
sequence of quartzites and argillites identical to unit C, which is
called unit D.

Laterally, units C and D probably converge into a

single lithesome consisting of quartzites and argillites (plate 1 and
fig. 27).

UNIT B LAMINATED SILTITE
The laminated unit contains very even and continuous beds with
sharply contrasting light and dark-colored laminae (fig. 24).

The unit

occurs only in the southernmost part of the thesis area, near Clark
Fork, Idaho, where it is about 35 feet thick and lies about 30 feet below
the banded member of unit A.

Outcrop exposures are best at RC and

BL (plate 1).
It is interesting to compare the dark and light laminae of
unit B with dark and light bands of unit A (fig. 25a, b ) . Dark,
carbon-rich layers of both units are mineralogically nearly identical;
both layers contain similar amounts of iron-bearing minerals (biotite,
pyrrhotite) and carbon.

However, the light laminae of unit B differ

sharply from the light bands of unit A in that they lack iron minerals
and consist mainly of muscovite and quartz.

While quartz grains maintain

the same size from dark to light bands of unit A, in unit B the grains
decrease abruptly in size from dark to light laminae (fig. 26).
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Therefore, while both units probably sporadically received the same
iron-rich clayey silts, unit B also received iron-poor muds and finer
silts from a probably different origin than unit A.

Compositionally,

the light laminae more closely resemble the quartzite of unit C (p, 21).
Therefore, I conclude that unit B represents interlaminations of unit A
and C.
The very even laminations and the mineralogy of unit B indicate
it was deposited below effective wave base in a calm, usually reducing
environment.

Normal deposition of carbonaceous, iron-rich muds was

periodically disrupted by weak pulses of suspended iron-poor muds,
perhaps the distal ends of turbidites entering the basin.
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Fig. 24. Outcrop of unit B laminated siltite
Rattle Creek section (RC-23).
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Muscovitej

V

Quartz

Pyrrhotitd
Light

Biotite

f Layers
Quart z
Carbon

>

Carbon

Pyrrhotite

Quart z

(a)

Unit B laminated Siltite;
thin section RC-23M.

Pyrrhotite
Dark
Layers

Biotite
Quartz

(b)

Unit A Banded Siltite;
thin section JS-3.

Fig. 25. Thin section comparisons, unit B laminated siltite
(a) and unit A banded siltite (b). Dark layers of units A and B
have similar mineralogy; however, light layers have sharp
mineralogical contrasts.
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%
Light Lamina

Dark Lamina

Fig. 26. Unit B siltite, showing abrupt decrease
in quartz grain size from dark to light laminae, X40;
thin section RC-23M.

Chapter 4
THE

E N V I R O N M E N T

OF

D E P O S I T I O N

The sedimentary processes interpreted from sedimentary structures
and geochemical evidence point to subaqueous deposition below effective
wave base.

Downslope movements of density currents from southwestern

and northeastern margins and increased deposition of quiet-water silts
toward the middle of the study area, indicate that this area was
topographically the lowest part of a sedimentary basin.

The environment

I envision is a turbidite basin which underwent an unusually long period
of stability and surface planktonic activity, and stagnant, reducing
conditions below the surface waters.

The bottom must have been nearly

flat-floored and featureless, with a minimal slope, as attested by the
rare slump structures and excellent preservation of even beds.

Water

depth, although below wave base, cannot be specifically determined.
Although turbidites are often thought of as deep-water deposits, turbidity
currents probably also occur in shallow water (Kuenen, 1964, p. 18).
Near-shore basin flanks could not be defined within the study area; however,
enclosing land masses may have been present southwest and northeast of
the study area, since sand sources were present there.
The Precambrian landscape which provided sediments to the basin
must certainly have been barren of vegetation and actively eroded.
Sheetwash erosion or dust storms could have capably provided significant
amounts of debris to the basin.
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The shift from normal periods of occasional turbidite influx
to an

extended period of calm, pelagic deposition represents

of deposition which can be interpreted

in some

twostyles

detail.

The quiet period can be interpreted chiefly from processes
occurring in unit A.

The quiet period was represented by deposition of

a thick sequence of well-sorted muddy silts and fine organic matter in
a poorly-circulated, low-energy environment.
turbidite sands.)

(Noticeably lacking are the

Organic decay accompanied by sulfate-reducing bacteria

caused very reducing subsurface conditions.
A classic modern example of a stagnant environment is the
Black Sea.

The following is summarized from Caspers (1957, pp. 801-889).

The Black Sea forms an almost isolated body of water,
extending far into the continental area between Europe
and Asia. Its greatest length is 1149 km, its
breadth
610 km. The greatest depth is 2243 m, average
depth 1197m.
Because of isolation of the water mass and lack of vertical
equalization currents, there is an oxygen loss with increas
ing depth, and a correlative increase in hydrogen sulfide.
There is considerable H S from about 180 m down. No life
exists below this depth except for anaerobic bacteria.
Life exists only in shallow zones at the surface.
2

Recent bottom depositsare mainly clays and muds,
with sand deposits limited to a regionnear the delta of the
Danube River. Recent upper ooze deposits of the central
basin contain up to 2,5 per cent organic carbon derived
from organic material produced in a vast region of the
open sea. Nannoplankton form the greatest source for the
organic matter. Chemical transformations are accomplished
with the aid of the bacteria Microspira Desulfovibrio,
whose life process is one of extreme reduction. Sulfates
are reduced to H S and CO^ released. Due to reduction
of organic matter, there is a sharp increase in phosphorus
content with depth.
2

Even though conditions were calm and settling,
silt were being contributed to the

vast amounts of well-sorted

basin floor from somewhere.

The most

likely transport mechanism which could account for these non-turbidite
silts is wind.

Dust storms are known to carry enormous quantities of fine
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materials over great distances, by land and sea.

Holmes (1965) notes

that vessels passing through the Red Sea have often encountered fine
sand from desert winds of Arabia.

Dunes have accumulated in the Canary

Islands from sand blown across the sea from the Sahara (Holmes, 1965).
A barren Precambrian landscape would similarly be expected to produce
periodic dust storms during drier spells, which would settle out over
humid basin regions.
Dry, sunny periods could produce "blooms” of photosynthetic
plankton, believed to be the source of the organic matter.

Dead unicell

ular algae would then settle to the bottom with the rain of aeolian silts.
In the banded member, the alternation of carbon and non-carbon bands
could have been caused by cyclical variations of photosynthetic processes.
Perhaps seasonal variations affecting the planktonic blooms formed the
bands.

Each carbon band might represent a surface bloom and each

carbon-poor band a period of non-photosynthesis.
A regional southward thickening of the individual bands was
described on page 7.

In the thicker bands, carbon particles were more

dispersed and in a higher percentage of quartz and might reflect a
southerly source of the dust during deposition of the banded member.
The period of turbidite influx is reflected chiefly in units C
and D.

Occasional turbulent pulses spilled sand out into the basin,

scouring cohesive muds below and then settling out rapidly.
turbidite silty mud continued to settle out slowly.

Suspended

The turbidites

could have been triggered by oversteepening of depositional slopes from
continuous deposition on a basin shelf, or by continental sheet floods
diving below the water surface.
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Figure 27 schematically diagrams a lithic cross-section of the
basin.

The carbon-rich siltite and argillite of unit A thicken away from

the inferred turbidite sources that formed units C and D.

Thickest measure

ments of unit A at CL and RR are interpreted as the quietest part of the
basin, or the most "distal" turbidite facies.

"Proximal" turbidite facies

are located in the southwestern (sections EF, LC, RC, BL)

and northeastern

(sections PC, ML, PC, PL) areas, where unit A thins toward turbidite source
areas.

From this cross-section the following depositional history for

units C, B, A and D can be interpreted, level by level.
STAGE 1

(Early): Occasional turbulent flows of sand cover most

reaches of the basin (unit C) . A major sand source is from the southwest
but there is also a source from the northeast (p. 28).
(Late):
surface.

Drier weather conditions reduce sheetwash erosion on land

Result is a decrease in sediment supply to basin; sand pulses

become weaker and less turbulent; individual sand beds become thinner (p. 21)
STAGE 2

(Early):

Quiescence begins to settle over entire basin.

Drier, sunnier climate becomes favorable to occasional planktonic water
"blooms."

Aeolian silts from the now drier land surface begin to dump

into basin during occasional dust storms, settling to the bottom with
dead organic matter.
precipitates.

Bottom conditions are very reducing, pyrrhotite

Weak influxes of water-transported, non-carbonaceous,

iron-poor mud are deposited in localized proximal locations; resulting
in laminated deposits with the distinctive mineralogical alternation of
unit B (p. 31).

SW

DISTAL FACIES

PROXIMAL FAC Its

NE PROXIMAL FACIES

CL
RR ^
FC PL

g

ML T -

SOURCE

SOURCE

Unit "A"
•^■'-Banded m e m b e r
Unit "C" £ "D"
Unit "B"

Fig. 27.

Schematic diagram of a lithic cross-section
of the basin.
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(Late):

Quiet, stagnant and dry; bottom very reducing.

Several short pauses in photosynthetic production over entire basin;
however, aeolian sands are deposited throughout the period resulting in
light and dark banded siltstone.

Followed by long, sustained period of

photosynthesis in the basin and terrestrial aeolian activity in region
of the basin (unit A ) .
STAGE 3

(Early):

Climate becomes wetter, erosion of land

surface by sheet wash contributes sediments to the basin.

Proximal

areas again receive turbidite sands, distal facies receive only finest
silts and clays from turbulent suspension (unit D ) .
(Late):

Turbidite pulses cover most reaches of basin.

Chapter 5

SUMMARY
A carbon-banded siltite interval within the Precambrian
Prichard and Aldridge Formations of the Belt Purcell Supergroup has
been correlated over a 3,000 square mile area of Idaho, Montana and
British Columbia.

The banded interval consists of a 13-foot

sequence of light and dark gray bands 1 mm to 2 cm thick which can
be matched, band-for-band, from outcrop to outcrop throughout the
entire area.

A "type" section of the banded interval was cored and

photographed to scale.

The photos of a unique six-inch sequence within

the interval were then matched to outcrops from one location to another.
Fourteen stratigraphie sections of the key banded interval
and enclosing rocks were measured and described, and four informal
units are identified.

The key interval forms a member within the

lower part of an even-bedded, much thicker siltite unit, named unit A.
Thick, dominantly quartzitic units occur stratigraphically below and
above the thick siltite of unit A, and are called units C and D,
respectively.
lithesome.

They probably converge southwestwardly into a single

A localized laminated siltite unit (unit B) stratigraphically

below the siltite of unit A contains interlaminations of unit A
siltite lithology and unit C quartzite lithology.
Optical analyses of adjacent, dark and light gray bands of the
key interval reveal uniform amounts of quartz (75%), biotite (7%),
muscovite (5%) and pyrrhotite (2%); however, particulate amorphous
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carbon (3%) and monazite (1%) are present in only the dark bands,
confirmed by electron microprobe and x-ray spectrograph.

The bulk of

unit A and the dark bands of its banded member are identical in
lithology and bedding features; the light bands differ only in the
absence of carbon and monazite.

The entire unit A was probably deposited

under calm, settling conditions below wave base as evidenced by its
fine-grained texture and strikingly smooth and even bedding planes
and laminae.

The dark bands are interpreted to contain the organic

remains of widespread surface blooms of a primitive plankton.

An

organic origin for the carbon in unit A is corroborated by the
widespread coincidence of monazite and pyrrhotite within the dark
lamina of unit A.
The recurring interbeds of quartzite and argillite of unit
C and D reflect rapid deposition below wave base of turbidity currents
alternating with longer intervals of pelagic clay deposition.

I

interpret the environment of deposition of units A, B, C and D to be
a stagnant turbidite basin, which experienced an extended period of
quiescence, surface planktonic activity and very stable, reducing
sedimentary conditions. Changes in styles of deposition from mainly
quiet to mainly turbidite possibly reflect changes in weather patterns
from relatively dry to relatively wet.
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A P P E N D I X

I

Measured Sections

The procedure for measuring sections was as follows:

1. to

correlate each section by matching photos of a unique six-inch
sequence of bands within the banded member of Unit A to the outcrop
being measured, 2.

to measure the section with a Jacob’s staff and

mark off each distinct rock interval with orange paint, 3.

to describe

the section and collect a specimen for thinsectioning at each lithic
interval.
A total of 26 control sites for the banded member were located
and from these, 14 sections were measured and described in detail.
The location of each measured section is described along
with the section description and plotted on plate (1).

Locations are

also given for control sites of the banded member where sections were
not measured.
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SECTION EF (East Fork]

Section EF is in the East Fork Creek area, about eight and
one-half miles northeast of Clark Fork, Idaho, military grid coordinates
680450, Mt. Pend Oreille Quad, Idaho-Montana N4815-W11600/1S.
Thickness
Feet above
_____________ Description________________________in feet______base
UNIT A:

150 feet measured

6.

Dark gray argillitic siltite;
pyrrhotite-rich; continuously evenlystratified; 1 inch laminae to 4 inch
beds. Minor beds silty argillite.
Extensive cover at top.

58

137-195

5.

Banded argillitic siltite;
pyrrhotite-rich. Alternating dark
and light gray bands 1 mm to 2 cm
thick; match with core photos.
Evenly stratified 6 inch to 1 foot
beds.

17

120-137

4.

Dark gray argillitic siltite;
pyrrhotite-rich; evenly-stratified,
beds about 3 inches thick.

25

95-120

3.

Dark gray argillitic siltite.
10 feet covered.

2.

Dark gray argillitic siltite. Bedding
mainly evenly-stratified, but also
wavy, irregular near base.

UNIT C:
1.

Top

30

65-95

20

45-65

45

0-45

45 feet measured

Massive, structureless, argillitic
quartzite. Beds average 2h feet
thick, one bed 4 feet thick. Minor
scours and cross-beds. Ellipsoidal
concretions commonly present.
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SECTION LC (Rattle Ridge)

Section LC is located on a ridge immediately south of Rattle
Creek, military grid coordinates 647510, Mt. Pend Oreille Quad,
Idaho-Montana N4815-W11600/15.

________Description
UNIT A:

Thickness
Feet above
in feet_______base_____

150 feet measured

5.

Partially covered. Float consists
of dark gray argillitic siltite and
thin soft argillite. Some siltite
slabs reach 4 inches thickness.
Extensive cover above this interval.

110

122-232

4.

Banded argillitic siltite; very
evenly-stratified 6 inch to 1 foot
beds; pyrrhotite-rich. Alternating
light and dark gray bands 1 mm to
2 cm thick; match with core photos.

17

105-122

3.

Fifty percent covered. Evenlylaminated ^ to 2 inch beds of
dense, dark, pyrrhotite-rich
argillitic siltite; float also
contains laminae with contrasting
mineralogical composition.

50

55-105

Light gray, structureless, argillitic
quartzite; rippled top surfaces.
Interbeds of silty, cross-bedded
argillite, interbeds about 1 foot
thick.

20

35-55

Light gray, massive, argillitic
quartzite. Beds 5 feet thick;
ellipsoidal concretions, scours
and festooned cross-beds. Flute
casts on bed undersurfaces, ripples
on top of beds; beds less massive
toward top of interval. Minor
beds laminated argillite; scoured
beneath quartzite beds containing
flute casts.

35

0-35

UNIT C:
2.

55 feet measured
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SECTION RC (Rattle Creek)

Section RC is in the Rattle Creek area, about twelve miles
northeast of Clark Fork, Idaho; military grid coordinates 668518, M t .
Pend Oreille Quad, Idaho-Montana N4815-W11600/15.

________ Description_____________________
UNIT A:

Thickness
Feet above
in feet_______base_____

160 feet measured

26.

Dark gray argillitic siltite; h inch
laminae to 4 inch beds; very evenly
and continuously-stratified; pyrrhotiterich. Extensive cover above this
interval.

85

185-270

25.

Banded argillitic siltite, beds 6
inches to 1 foot thick; pyrrhotiterich; alternating light and dark
bands 1 mm to 2 cm thick; match
with core photos.

17

168-185

24.

Dark gray to black even-bedded
argillitic siltite; pyrrhotite-rich.

23

145-168

35

110-145

UNIT B:
23.

35 feet measured

Thickly-laminated siltite bedsabout
3 inches thick; alternating dark
gray and white laminae; dark laminae
contain pyrrhotite, white laminae do
not.

UNIT C : 85 feet measured
22.

Cross-bedded, silty argillite andminor
interbeds quartzite. Quartzites
scoured and cross-bedded, also contain
flow rolls and convolute laminations.

35

75-110

21.

Massive, structureless, light gray,
argillitic quartzite; one bed 10 feet
thick; beds become thinner at top; beds
contain ellipsoidal concretions.

50

25-75

20, Interbedded quartzite and argillite.
Quartzite beds about 2 feet thick;
structureless. Argillite even and
laminated, intervals 1 foot thick.
Flute casts on quartzite undersurfaces;
argillite scoured below flute casts.

25

0-25

50
SECTION BL (Benning Lookout)

Section BL is located near the base of Benning Lookout mountain,
about twelve miles northeast of Clark Fork, Idaho; military grid
coordinates 661525, Mt. Pend Oreille Quad, Idaho-Montana, N4815-W11600/15
Thickness
Feet above
________ Description_____________________________in feet_______base_____
UNIT D:
8.

50 feet measured

Interval contains about seventy
percent quartzite; light gray,
structureless; beds about 2 feet
thick; ellipsoidal concretions.
Siltite is dark gray, pyrrhotiterich, evenly-bedded. Argillite is
evenly bedded, dark gray, 1-foot
intervals. Recurring sequences of
quartzite and argillite above.

UNIT A:

50

340-390

320-340

237 feet measured

7.

Argillite, 2-foot intervals, silty,
evenly-laminated but sometimes
cross-bedded.

20

6.

Evenly-bedded, dark gray, pyrrhotiterich argillitic siltite. Beds from
h inch to 6 inches thick. Pyrrhotite
abundant in lower part, diminishes
toward top. Thicker beds give
metallic ring. Fifty-five feet of
cover starting at 40 feet from base.

165

5.

Banded 1 mm to 2 cm argillitic siltite;
matches with core photos.

17

138-155

4.

One-half inch to 3 inch beds of
evenly-stratified dark gray argillitic
siltite.

35

103-138

45

58-103

UNIT B;
3.

155-320

45 feet measured

Thickly-laminated siltite, beds about
3 inches thick; alternating dark gray
and white laminae; dark laminae
contain pyrrhotite, light laminae do
not.

51

UNIT C:

58 feet measured

2.

Quartzite and interbedded silty
argillite. Thin beds quartzite at
base becoming dominantly crossbedded silty argillite 20 feet
from base. Quartzite is argillitic,
structureless.

33

25-58

1.

Massive, light gray, mainly
structureless quartzite. Lowermost
bed 7 feet thick. Beds progressively
thin towards top of interval. Flute
casts on undersurfaces of quartzites;
ellipsoidal concretions abundant on
rock faces. Minor interbeds silty
argillite, scoured below bases of
quartzite beds.

25

0-25

52
SECTION KG (Keno Creek)

Section KC is located along a small ridge just north of Keno
Creek; Section 9, T35N, R3E, Kaniksu National Forest Map, Idaho, 1966,

________ Description_____________________
UNIT A:

Thickness
Feet above
in feet_______base

175 feet measured

5. Very evenly-bedded, dark gray
argillitic siltite; pyrrhotiterich. Beds average ^ to 2 inches
thick, 4 inches thick at top of
interval. Extensive cover above
this interval.

70

225-295

4. Banded argillitic siltite; alternating dark and light gray bands
1 mm to 2 cm thick; match with
core photos.

13

212-225

3. Covered.

37

175-212

2. Even and unevenly-laminated silty
argillite; minor beds (about 1 foot
thick) quartzite about 25 feet from
base; minor dark gray siltite.
Unevenly-laminated argillite,
apparently caused by soft sediment
deformation.

55

120-175

UNIT C:

120 feet measured

1.

Massive, structureless, light gray
argillitic quartzite. Lower 50
feet covered. Top 20 feet contains
beds about 5 feet thick. Ellipsoidal
concretions about 1 foot in diameter.

70

50-120

0.

Quartzite-siltite-argillite. Quartzite
is argillitic, light gray, structure
less, about 1 foot thick. Argillite
is evenly and unevenly-laminated,
intervals about 1 foot thick. Minor
amounts of siltite, dark gray, cross
bedded.
Interval about 30 percent
covered.

50

0-50
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SECTION RR (Ruby Ridge)

Section RR is on Ruby Ridge, near Deer Creek; Section 18, T36N,
R3E, Kaniksu National Forest Map, Idaho, 1966.
Thickness
Feet above
_____________ Description________________________in feet_______base
UNIT D:
4.

95 feet measured

Mainly covered, some outcrops of
2 to 3-foot beds light gray
structureless quartzite.

UNIT A:

95

395-490

395 feet measured

3.

Top 100 feet consists of evenlylaminated, silty argillite, beds
about h. inch thick. Minor
interbeds of evenly-laminated,
2 inches thick, pyrrhotite-rich
argillitic siltite. Thirty-five
feet cover at base.

135

260-395

2.

Dark gray argillitic siltite.
Continuously very evenly-bedded
(2 to 6 inches thick). Minor
interbeds of evenly-laminated
soft argillites. Ninety feet
cover at base.

170

90-260

1.

Dense argillitic siltite; evenlybedded; dark gray color; pyrrhotiterich. Minor interbeds of soft,
silty argillite.

77

13-90

0.

Banded argillitic siltite. Very
evenly-bedded; alternating light
and dark gray bands 1 mm to 2 cm
thick; match with core photos.
Extensive cover below.

13

0-13
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SECTION PC (Pete Creek)

Section PC is located near Pete Creek meadows, along Pete Creek
road, about seven miles northwest of Yaak, Montana; Section 25, T6SN,
R33W, Kootenai National Forest Map, Idaho-Montana, 1967.
Thickness
Feet above
_____________ Description________________________in feet_______base
UNIT A;

73 feet measured

2.

Banded argillitic siltite;
alternating dark and light gray
bands 1 mm to 2 cm thick; match
with core photos. Beds 6 inches
to 1 foot, very evenly-stratified.
Extensively covered above this
interval.

13

1.

Mainly covered. Scattered outcrops
of argillitic siltite; h inch
laminae to 2 inch beds; pyrrhotiterich.

60

50-110

50

0-50

UNIT C:
0.

110-123

50 feet measured

Argillitic quartzite; light gray,
massive, structureless. Beds
average 3 feet thick, large-scale
flute casts on bedding undersurfaces;
groove casts also present. Minor
interbeds of thinly-laminated
argillite, intervals 1 foot thick;
scoured top surfaces, often deformed.
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SECTION GR (Goat River)

Section GR is located along the Goat River Road, about ten miles
north of Highway 3; latitude 49^20 , longitude 116°20 , Creston, British
Columbia Sheet 82F/SE.

_____________ Description
UNIT A:

Thickness
in feet

Feet Above
base

98 feet measured

5.

Banded argillitic siltite,
alternating dark and light gray
bands 1 mm to 2 cm thick; match
with core photos. Beds evenlystratified. Extensive cover
above this interval.

13

135-148

4.

Mostly covered. One-inch laminae
to 4-inch beds of dark gray,
pyrrhotite-rich, argillitic
siltite.

15

120-135

3.

Quartzite and interbedded argillite
and siltite. Quartzite is
argillitic and structureless in beds
about Ih feet thick. Siltite is
gray, has small-scale cross-beds.
Argillite occurs in 1-foot intervals,
is silty, with small-scale cross-beds.

20

100-120

2.

Dark gray argillitic siltite; very
evenly-stratified beds about
inches
thick. Upper 15 feet show frequent
occurrences of ripples and cross-beds,
and irregular laminae.

50

50-100

50

0-50

UNIT C:
1.

50 feet measured

Massive, light gray, structureless,
argillitic quartzite; beds average
2 feet thick, thinning progressively
toward top of interval. Bottom
10 feet of interval contains very
silty argillite showing current
ripples.
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SECTION CL (Cooper Lake)
Section CL was measured about 1 mile north of Cooper Lake,
British Columbia; latitude 49^20 , longitude 116^10 , Creston, British
Columbia Sheet 82F/SE.

__________ Description____________
UNIT D:
7.

Thickness
Feet above
in feet_______base_____

100 feet measured

Interval mainly covered. Alternating
beds of quartzite and argillite;
quartzite about 50 percent. Quartzite
beds thickest at top (about 5 feet),
thinnest at base (about 1 foot).

UNIT A:

100

645-745

525 feet measured

6.

Soft, thin, even-bedded silty argillite;
laminae about h inch thick. Minor
interbeds of dark gray argillitic siltite.
Argillite beds are sheared.

230

5.

Dark gray, argillitic siltite.
Minor interbeds of evenly-laminated
argillite, Siltite beds average 2
inches in thickness, some reach 1
foot; very even stratification;
pyrrhotite films common.

127

288-415

4.

Banded argillitic siltite; alternating
dark and light gray bands 1 mm to 2 cm
thick; match with core photos. Very
evenly-stratified beds, about 6 inches
to 1 foot thick.

13

275-288

3.

Dark gray argillitic siltite; beds
evenly-stratified, about 2 inches thick;
some beds 1 foot thick; pyrrhotiterich. Minor interbeds silty argillite;
sheared. Thirty feet cover at base.

155

120-275

120

0-120

UNIT C:
2.

415-645

120 feet measured

Mainly massive, structureless, dark
and light gray, argillitic quartzite;
ellipsoidal concretions abundant.
Beds very massive at base (8 feet thick),
becoming gradually thinner at top; flute
casts and load casts abundant on bedding
undersurfaces. Minor beds evenly-laminated
silty argillite and gray cross-bedded
siltite.
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SECTION ML (Moyie Lake)

Section ML is located about three miles southwest of Moyie Lake,
British Columbia; latitude 49^15 , longitude 115^55 , Elko, British
Columbia Sheet 82G/SW.
Thickness
Feet above
_____________Description________________________in feet_______base_____
UNIT A:

183 feet measured

4.

Dark gray argillitic siltite;
pyrrhotite-rich; even laminae
and beds 4 inches thick.
Extensive cover above this interval.

120

228-348

3.

Banded argillitic siltite; alternating
dark and light gray bands 1 mm to 2 cm
thick; match with core photos.

13

215-228

2.

Mainly covered; occasional outcrops
of soft argillite and dark dense
argillitic siltite. Siltite
evenly-laminated, pyrrhotite-rich.

50

165-215

165

0-165

UNIT C:
1.

165 feet measured

Quartzite; light gray, argillitic,
structureless; beds generally about
2 feet thick. Interbeds of argillite.
Bottom 30 feet massive quartzite with
flute casts on undersurfaces, beds
become progressively thinner toward
top of interval (6 inches to 1 foot
thick).
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SECTION FC (Parrel

Creek)

Section PC was measured on a hillside above Farrell Creek, about
two miles southwest of Moyie, British Columbia; latitude 49^15
longitude 115*^50 , Elko, British Columbia Sheet 82G/SW.

______________ Description__________________
UNIT D:
6.

Feet above
base

35 feet measured

Massive, light gray argillitic
quartzite interbedded with gray
argillite; quartzite contains
ellipsoidal concretions. Quartziteargillite percents about 70-30.
Quartzite beds about 1 foot thick
at base; become massive (3 feet
thick) at top.

UNIT A:

Thickness
in feet

35

213-248

138 feet measured

5.

Partially covered. Float consists of
very thinly-bedded argillitic siltite,
with even surfaces; average thickness
about 2 inches; pyrrhotite-rich.

100

113-213

4.

Banded argillitic siltite; matches with
core photos, Beds 6 inches to 1 foot
thick.

13

100-113

3.

Even-bedded dark gray argillitic siltite;
beds about 2 inches thick, pyrrhotiterich .

25

75-100

75

0-75

UNIT C;
2.

75 feet measured

Massive quartzite and interbedded
argillite. Quartzite light gray,
structureless, argillitic; beds
become progressively thinner at
top (thinnest beds about 1 foot
thick); flute casts and groove
casts on bedding undersurfaces.
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SECTION PL (Pipeline)

Section PL is located along a pipeline clearing near Moyie,
British Columbia; latitude 49^15 , longitude 115°50 , Elko, British
Columbia Sheet 82G/SW.
Thickness
Feet above
______________ Description_______________________in feet_______base
UNIT A:

143 feet measured

1.

Dark gray argillitic siltite;
very evenly-bedded; pyrrhotiterich; outcrops mostly in debris.
Thin beds of light gray structure
less quartzite begin to crop out
above this interval.

140

13-153

0.

Banded argillitic siltite;
alternating light and dark gray
bands; match with core photos.
Extensive cover below.

13

0-13

60

SECTION JS (Jim Smith)

Section JS is located near Jim Smith Provincial Park, British
Columbia; latitude 49°30 , longitude 115*^50 , Elko, British Columbia
Sheet 82G/SW.

Description
UNIT A:
4.

Feet above
base

46 (+) feet measured

Recurring beds of dark gray
argillitic siltite; pyrrhotiterich; interval mostly covered,
thickness not determined.
Banded argillitic siltite;
alternating dark and light gray
bands; match with core photos.

11

95-106

Covered

35

60-95

60

0-60

UNIT G;
1.

Thickness
in feet

60 feet measured

Light gray, structureless, massive
quartzite. Very minor interbeds
evenly-laminated argillite. First
20 feet at base is covered.
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SECTION TC (Tower Creek)

Section TC was measured on a ridge immediately east of Tower
Creek, about four miles west of St. Mary Lake, British Columbia; latitude
Q

•

_

O

*

49 40 , longitude 116 22 , Kaslo, British Columbia Sheet 82F/NE.
Thickness
Feet above
______________ Description_______________________in feet______ base_______
UNIT D:
8.

40 feet measured

Interbedded quartzite and argillite;
quartzite beds 5 feet thick, light gray,
structureless, ellipsoidal concretions;
argillite intervals 2 feet thick,
evenly-laminated, dark gray, scoured
below quartzite undersurfaces.

UNIT A;

40

410-450

353 feet measured

7.

Bottom 150 feet mainly dark gray
argillitic siltite very evenly-bedded,
top 280 feet mainly evenly-laminated
silty argillite. Pyrrhotite concentrated
in siltite.

330

80-410

6.

Banded argillitic siltite, alternating
dark and light gray bands 1 mm to 2 cm
thick; match with core photos. Beds 6
inches to 1 foot thick, evenlystratified.

13

67-80

5.

Dark gray argillitic siltite.

UNIT C:
4,

10

57-67

57

0-57

57 feet measured

Light gray argillitic quartzite,
structureless, contains flute casts
on many undersurfaces; beds about 5
feet thick. Minor interbeds of
argillite, scoured just below
quartzite beds.
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OTHER CONTROL SITES OF BANDED MEMBER, UNIT A

MLP:

Located on Moose Lake Pass, about
mile south of Moose
Lake, Idaho; Mt. Pend Oreille Quad, Idaho-Montana N4815W11600/15.

IM:

Located near the Idaho-Montana border; Section 15, T35N,
R3N, Kaniksu National Forest Map, Idaho-Montana-Washington,
1966.

KCr:

Located along Kreist Creek road. Section 7, T36N, R3E,
Kaniksu National Forest Map, Montana-Idaho-Washington, 1966.

BC:

Located along Beetle Creek road. Section 2, T64N, R33N,
Kootenai National Forest Map, Idaho-Montana, 1967.

WF:

Located along a new road near the West Fork of the Yaak
River, Section 12, T65N, R33W, Kootenai National Forest
Map, Idaho-Montana, 1967.

HC:

0 *
Located along Hawkins Creek road; latitude 49 01 , longitude
llS°5o', Elko, British Columbia Sheet 82G/SW.

FCr:

Located along Freeman Creek; latitude 49^02 , longitude 115^50
Elko, British Columbia Sheet 82G/SW.

FCH:

Located at the headwaters of Freeman Creek; latitude 49 05
longitude 115^50 , Elko, British Columbia Sheet 82G/SW.

MO

Located along a road about h mile south of Mt. Olsen, latitude
49°07’, longitude 115^50*, Elko, British Columbia Sheet 82G/SW.

0

*

,

SD;

Located along road near headwaters of Sundown Creek, latitude
49°10 , longitude 115°49', Elko, British Columbia Sheet 82G/SW

SR:

Located along Sunrise Creek road; latitude 49^14 , longitude
115°5o', Elko, British Columbia Sheet 82G/SW.

BC:

Located along Braunagel Creek, latitude 49 16 , longitude 115 50 ,
Elko, British Columbia Sheet 82G/SW.

a p p e n d i x

II

Methods of Analysis and Data, Unit A
CARBON

Identification
Numerous laboratory tests were run for carbon on several
samples of the banded member from widely separated locations.
Complete solution of the rock was accomplished in hydrofluoric
acid yielding a dark gray, insoluble residue containing abundant minute
black flakes, like those observed in thin section (p. 12).

The residue

was then burnt in a crucible under flame and was observed to turn to
a white ash, suggesting that the residue contained some form of carbon
which had been oxidized during heating.
The most definitive identification of carbon in the dark bands
of unit A was accomplished on the electron microprobe.

Special caution

was taken, with optical and x-ray diffraction techniques, to select a
sample with no identifiable carbonate minerals.

Under the electron

microprobe, a concentration of the fine, opaque particles in a polished
section of a dark band were positively identified as elemental carbon
(personal communication with Charles Knowles, University of Idaho,
Moscow).

Figure 28 shows a time-lapse photo of x-ray emissions from

carbon particles over a microscopic area of the sample.
Habit
Insoluble residue containing carbon from complete solutions of
the banded rock has been tested for graphite via x-ray diffraction with
63
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Fig. 28. Electron microprobe photo of x-ray emissions
from carbon particles in dark band of banded member, unit A.
Scale:
3 micron/cm. Polished section ML-3.

negative results (le. no graphite peaks were detected).
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Therefore, the

carbon is assumed to be amorphous.
Quantitative Analysis
The percentage of carbon in a given banded rock is estimated in
thin section at about 3 percent.

Total carbon was determined for the

whole rock by the complete combustion method.

A specimen was chosen in

which no carbonate minerals were detectable by optical microscopy and
x-ray diffraction.

Results of the complete combustion test showed

2.56% t .05 carbon (By written communication with Richard Van Loenen,
U. S. Geol. Survey, 1971).
MONAZITE
Identification
Optical properties of monazite in Unit A siltites are high relief,
anhedral to sub-euhedral, highly biréfringent, and a milky and translucent
appearance in reflected light.

The grains occur in clusters (fig. 11,

text) and under crossed nichols all grains go extinct in unison, giving
a biaxial interference figure with a very low 2V angle (about 10 degrees).
To eliminate possible confusion of monazite with other high-relief biaxial
minerals, the chemical composition of the high-relief mineral was examined
on the x-ray spectrograph.

An individual dark band was ground up to a

250 mesh grain size, minerals with S.G. less than 3.0 were floated out
and the minerals with S.G. greater than 3.0 were further tested.

Several

splits of varying magnetic susceptibles were conducted on the Frantz
magnetic separator.

The non-magnetic fraction, most likely spot for

monazite, was then observed optically to contain a high percentage of the
high-relief mineral along with minor amounts of biotite, pyrrhotite and
tourmaline.

This fraction was then run on the x-ray spectrograph and a

strong peak was obtained for phosphorus, which is contained in monazite.
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Fig, 29, Mineral percentages in thin sections of unit A
banded member (visual estimates).*
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* Sections cut through the same dark band within banded member
Locations of thin sections are given in figure 2, text, and Appendix I,
measured sections.

